Tissue obtained from the macula in 10 human eyes (53-77 years) was used for an investigation into the extracellular matrices of the retinal pigment epithelium (RPE), Bruch's membrane, and the choriocapillaris. The ultrastructural distribution of type IV collagen and laminin was documented using immunogold labelling. Labelling for type IV collagen was strongly positive in all the specimens in the basement membranes of the choriocapillaris but not that of the RPE where labelling was either weak or absent. Laminin was localised to deposits of granular material in Bruch's membrane but was absent from the basement membrane of the RPE and the choriocapillaris. Basal linear deposit, observed in three cases, demonstrated labelling for laminin but not for type IV collagen. The series was too small for correlation of these morphological changes with age. (BrJ7 Ophthalmol 1992; 76: 607-614) 
Vision can be affected in the elderly by a variety of pathological changes which interfere with the function ofthe retinal pigment epithelium (RPE) and the maintenance of the photoreceptors. Photoreceptor atrophy occurs when an abnormal extracellular matrix -for example, drusen, accumulates between the pigment epithelium and Bruch's membrane. Drusen are clinically well recognised and can be classified as hard, soft, calcified, and diffuse according to histological criteria.' However, a morphological distinction can be made between drusen and basal linear deposit. Various authors24 have used the term 'basal linear deposit' for an accumulation with specific appearances (after PAS and Mallory trichrome stains) beneath the RPE. The precise biochemical composition of the basal linear deposit is not known and identification of the constituents is essential to an understanding of the pathogenesis of age-related macular degeneration.
Studies using transmission electron and light microscopy have adequately documented the morphology of the age-related changes in Bruch's membrane.258 The initial change is an accumulation of vesicles and granular and filamentous material in the inner collagenous zone. This accumulation progressively increases with age until it occupies both collagenous zones. Various attempts have been made to determine the biochemical nature ofthe age-related deposits in Bruch's membrane outside the macular region9-'3 but it is not known iftheir accumulation is the cause or the result of RPE dysfunction. Since Bruch's membrane may act as a selective barrier to the movement of molecules from the choroidal circulation to the outer retina, 14 alterations in its composition could have important physiological consequences.
Age-related thickening and degeneration in Bruch's membrane,7'15 drusen formation,'6 and basal linear deposits3 each appear to provide a matrix which stimulates ingrowth of macrophages and endothelial cells. Vascular ingrowth is an important complication of age-related macular degeneration and is a major cause of blindness in the elderly population ofthe Western world.7 18 Bruch's membrane acts as a barrier to subretinal neovascularisation and breaks in this structure significantly increase the incidence of growth of new vessels.7 The Bruch's membrane A small amount of labelling for type IV collagen was present in the inner collagenous layer, the elastic layer, and the outer collagenous layer of Bruch's membrane. This was a consistent feature in all the specimens studied. Although labelling was present in the elastic layer, immunogold particles were not located to the elastic fibres but rather to the matrix surrounding these fibres (Fig 2) . Immunogold labelling for type IV collagen was absent from coated vesicle-like bodies, coated membrane bound bodies, coated membrane fragments, and fibrous banded material. Laminin was localised to deposits of fine granular-like material present in the inner collagenous layer. More frequently laminin was dispersed within the fine granular-like material between the outer collagenous layer and the basement membrane of the choriocapillaris (Fig   3) . Small discrete patches of laminin labelling were also observed in the inner collagenous layer immediately adjacent to the RPE basement membrane (Fig 3, inset A) . These patches of labelling were spaced in a manner which was almost regular. The only difference in the structure of these patches and the inner collagenous layer was a small augmentation in electron density.
Laminin was also associated with the periphery of fibrous banded material present within Bruch's membrane, labelling being generally absent from the actual striations of this material (Fig 3, inset B) . We considered that fibrous banded material was quite distinct from long-spacing collagen in its location, structure, Fibrous banded material was located within both the inner and outer collagenous layers and sometimes in association with the elastic layer (Fig 2) .
In contrast with long-spacing collagen, fibrous banded material had a significantly shorter periodicity and lacked the fine structure of the latter. No association of laminin was seen with long spacing collagen within Bruch's membrane. Similarly, laminin was absent from the elastic fibres in the elastic layer (Fig 3) .
Choriocapillaris
There was considerable degree of variation in the thickness of the basement membrane of the endothelial cells and this could not always be attributed to the plane of section of the choriocapillaris. Type IV collagen was clearly localised to the basement membranes around the circumference of the choriocapillaris and labelling was present throughout the entire width of the basement membrane. In contrast to the RPE basement membrane, the basement membrane of the choriocapillaris exhibited intense labelling with type IV collagen antibodies (Fig 2) . Antibody labelling for laminin was so sparse as to be regarded as negative.
Choroidal stroma Type IV collagen and laminin were localised to the basement membranes of the large choroidal vessels. Type IV collagen was also localised to all basement membranes present in the stroma, some of which were not associated with cells but group.bmj.com on June 21, 2017 -Published by http://bjo.bmj.com/ Downloaded from Type IVcollagen and laminin in Bruch's membrane and basal linear deposit in the human macula were lying free amongst collagen fibrils of the stroma. Small isolated deposits of fine granular material, similar in appearance to basal linear deposit (see below), were occasionally seen in the stroma between large blood vessels and were positive for laminin (Fig 4) . Elastic fibres within the walls of large blood vessels were free of immunogold particles for laminin or type IV collagen. Considerably larger deposits of granular material similar to those observed in Bruch's membrane were frequently present in the intercapillary zone. These deposits appeared to be associated with choroidal stroma rather than the outer collagenous layer.
Basal linear deposit Basal linear deposit was observed in three out of the 10 specimens (cases 6-8, see Table 1 ). Small sized basal linear deposit could be divided into three types on the basis of their morphological appearance: basement membrane-like, granularlike, and filamentous-like. These deposits were within basal infolds and were not accompanied by a separation of the RPE from its basement membrane. Two distinct labelling patterns of these deposits were then noted with laminin antibodies. Labelling for laminin was restricted to the margins of the basement membrane-like basal linear deposit (Fig 5) but was present throughout the entire matrix of the granular-like (Fig 6) and fine fibrillar-like structures (Fig 7) . Larger forms of basal linear deposit contained a mixture of basement membrane-like, fine granular-like, and fine fibrillar-like material. These deposits were invariably accompanied by a separation of the RPE from its basement membrane (Fig 8) . The labelling pattern of the large deposits for laminin was similar to that of the small deposits: the margins of basement-like material and the entire matrix of the fine granular-like and fine fibrillar-like material were labelled (Fig 8) group.bmj.com on June 21, 2017 -Published by http://bjo.bmj.com/ Downloaded from Figure 9 Normal rabbit serum control. Note lack of immunogold particles from basal linear deposit (BLD) and cell nucleus (Nu). Some non-specific labelling is present in Bruch's membrane (Br) (bar= I pm).
these large basal linear deposits (Fig 8) . Immunogold labelling for type IV collagen was not associated with any of the basal linear deposits described above.
CONTROLS
Immunogold labelling was sparse and non- Figure 10 External positive control for laminin. Immunogold particles are distributed throughout the basement membrane ofthe pigmented ciliary epithelium (PE)(bar=1Im). specific in both the normal goat serum and normal rabbit serum negative controls (Fig 9) . Non-specific labelling tended to be greater in normal rabbit serum controls than in normal goat serum controls. Type IV collagen was demonstrated in the basement membranes of the retinal vessels (internal positive control). In the cidiary body control tissue, collagen type IV and laminin were observed on the basement membranes ofthe pigmented and non-pigmented ciliary epithelium (Fig 10) . Laminin was also localised to zonular fibres arising from the ciliary body.
Discussion

MACULA
Previous studies have been conducted on the distribution of collagen type IV and laminin in Bruch's membrane of the human eye'>-" but have not referred to the macular region. To the best of our knowledge the present study is the first to concentrate on normal aged human macula. The importance of the macula in retinal disease merits separate consideration and this study is intended to provide baseline information for further investigation of age-related macular degeneration. It cannot be assumed that the distribution of extracellular matrix components in the macular choroid and RPE is identical to that of the extramacular regions, particularly since there are obvious differences in functional anatomy.
CHOROID
The overall distribution of type IV collagen seen in our aged macular tissue was similar to that of Das et all" in their fine structural immunogold study of extramacular human tissue. In their study and the present study labelling was more intense in the basement membrane of the choriocapillaris when compared with that of the RPE basement membrane. A similarity was also observed in the small amount of labelling of the collagenous layers.
Das et al " also localised laminin to the choriocapillary and RPE basement membranes but labelling was 'far less intense than that seen with type IV collagen'. In our study laminin labelling of these two basement membranes in the macular region was of insufficient intensity to be considered as positive. Laminin, a large multidomain glycoprotein, is a major structural basement membrane component30 and numerous biological functions of basement membranes are controlled by its presence.920 However, although collagen type IV, laminin, nidogen, and heparan sulphate proteoglycan are the best known components of basement membranes, the molecular architecture of basement membranes is incompletely understood. 
